Iterative methods particularly the Two Parameter Alternating Group Explicit (TAGE) methods are used to solve system of linear equations generated from the discretization of two-point fuzzy boundary value problems (FBVPs). The formulation and implementation of the Full-Sweep TAGE (FSTAGE) and Half-Sweep TAGE (HSTAGE) methods are also presented. Then numerical experiments are carried out onto two example problems to verify the effectiveness of the method. The results show that TAGE method is superior compare to AGE method in the aspect of number of iterations, execution time and Hausdorff distance.
Introduction
Since its development [1] , Alternating Group Explicit (AGE) method has proved to be an important and powerful technique for the solution of system of equations arising in finite difference and finite element Galerkin methods when solving parabolic and elliptic partial differential equations. However, only a single parameter was considered in this method. Thus, [2] expanded this approach to initiate the Two Parameter Alternating Group Explicit (TAGE) method thus proved that this method is superior compared to AGE method. In this paper, let two-point linear fuzzy boundary value problems (FBVPs) be defined in general form as follows Based on the Seikkala derivative [3] , equation (1) will be solved numerically by applying the second-order central finite difference scheme to discretize the two-point linear FBVPs into linear systems. The generated linear systems will be solved iteratively by using TAGE method. From previous studies, findings of the papers related to the TAGE iterative method and its variants [4] [5] [6] have shown that TAGE method has been widely used to solve the non-fuzzy problems. Due to the efficiency of the methods, this paper extends the application of TAGE iterative method in solving fuzzy problems.
Since the fuzzy linear systems will be constructed, the iterative method becomes the natural option to get a fuzzy numerical solution of the problem. Based on the previous work of the family of iterative methods, the discovery on the concept of the half-sweep iterative method has been inspired by [7] . The main characteristic of this concept is the reduction technique in order to reduce the computational complexity. To simplify the formulation of the full-and half-sweep central difference approximation equations, the finite grid network will be used as shown in Fig. 1 . Implementations of these proposed iterative methods are executed onto the interior solid nodal points until convergence test is found. Meanwhile, the approximation solutions for the remaining points can be computed by using direct method [7] [8] [9] . 
Finite Difference Approximation Equations
Let x be a fuzzy subset of real number. It is characterized by the corresponds membership function evaluated at
in  . Meanwhile, by substituting (2b) and (3b) into (7b), we will have
Then, equations (8) in  . As the value of p corresponds to 1 and 2, it represents the full-and half-sweep cases respectively. Since both of equation (9) have the same form in terms of the equation, except, based on the interval of the  -cuts, the differences are identified only in the upper and lower bounds, thus it can be rewritten as
Now, we can express the second-order central finite difference approximation (10) in a matrix form as
with     
Since this study will deal with an application of the method, so the computational method of it will be diagonally dominance matrix and positive definite matrix [11] .
Two Parameter Alternating Group Explicit Iterative Method
Based on previous study, they have discussed theoretically on how to compute the value of parameter r [5, 6, [12] [13] [14] . In this paper, the optimum value of parameters 1 r and 2 r will be calculated by implementing several numerical experiment, so those optimum value will be found if the number of iteration is smaller.
Families of TAGE can be considered as efficient to two-step method to solve linear system. None of the researcher had been try to apply this method in solving fuzzy problem generated from discretization of fuzzy partial difference equation. The application of this iterative method will solve the fuzzy linear system given by equation (1) . Let consider a class of methods mentioned in [2, 15] which is based on the splitting of the matrix A into the sum of its constituent symmetric and positive definite matrices, as follows (14) and (15), therefore, the implementation of the families of TAGE methods is presented in Algorithm 1. 
Numerical Experiments
Two problems of FBVPs are considered to verify the effectiveness of FSAGE, FSTAGE and HSTAGE methods. For comparison purposes, three parameters were observed that are number of iterations, execution time (in seconds) and Hausdorff distance (as mentioned in Definition 1). Based on these two problems, numerical results for proposed methods have been recorded in Tables 1 to 5 .
Definition 1 [16] Given two minimum bounding rectangles P and Q, a lower bound of the Hausdorff distance from the elements confined by P to the elements confined by Q is defined as 
respectively.
Conclusions
In this paper, the families of TAGE method was used to solve linear system arise from the discretization of two-point FBVPs using the second-order central finite difference scheme. The results show that HSTAGE method is more superior in terms of the number of iterations, execution time (in seconds) and Hausdorff distance compared to the FSTAGE and FSAGE methods. Since TAGE is well suited for parallel computation, it can be considered as a main advantage because this method has groups of independent task which can be implemented simultaneously. It is hoped that the capability of the proposed method will be helpful for the further investigation in solving any multi-dimensional fuzzy partial differential equations [18] . Basically the results of this paper can be classified as one of half-sweep iteration. Apart from the concept of the half-sweep iteration, further investigation on quarter-sweep [19] [20] [21] [22] [22] [23] [24] [25] iterations can also be considered in order to speed up the convergence rate of the standard proposed iterative methods. Other than that, further study will be extended to solve non-linear problem by combining Newton-Raphson method.
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